a) Orientation at the free surface : The molecules of some nematics (e.g. PAA) tend to lie in the plane of the nematic-air free surface [1] [2] [3] . However, the orientation of MBBA has been measured to lie at a finite angle which is slightly temperature dependent [3] .
Several nematics which have a low temperature smectic A phase seem to have a perpendicular orientation in the nematic phase just above the transition [4] . b) Behaviour of surface tension at the nematicisotropic transition temperature : The early measurements [5, 6] show that the surface tension is discontinuous at the transition. Recent work [7, 8] has shown that in certain cases the discontinuity is negative, and the surface tension is less in the nematic phase.
c) Free surface disclinations : In several nematics having a low temperature smectic C phase, disclinations in the orientation appear just before the nematic-smectic C transition [4] .
Molecular theories of surface tension in nematics are difficult because of the anisotropic pair interactions between molecules. Recently, a general expression for the surface tension of a polyatomic fluid has been derived and applied to calculate the dipoledipole contribution to the surface tension of low vapor pressure water [9] . For molecules with pair interactions depending only on the center of mass vector R and on the Euler angles [10] (Q, 0, 03C8) describing rigid body rotations between the molecules relative to their centers of mass, the result for the surface tension is :
where R = r2 -ri is the center of mass vector, and where the pair potential U12 depends on R and the internal states e1, 62 which denote the Euler angles :
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From (1) and (2) we see that at the nematic-isotropic transition, y will change abruptly because of the two factors in the pair distribution function :
a) The nematic-isotropic transition is always first order with a discontinuous change in the density p. Since the density is larger in the nematic phase, this will lead to a gap in y with y also larger in the nematic phase. However, the density discontinuity at the transition is very small, 0.3 % being a typical value.
Since y oc p2, this implies that the gap Any in the surface tension at the transition will be no more than about 0.6 % due to the density discontinuity.
b) There is also a sharp discontinuity in the distribution function g (2) at the transition, due mainly to the discontinuity in the orientational order parameter. Using a Van der Waals interaction for U12, and a mean field approximation, we will show that the gap in y due to this discontinuity should be larger than that due to the density discontinuity.
The surface tension will also depend on the orien- (8) we assume that f(o1,' o2) = f (o1) f (o2) with f(O) given by (9) . This is a mean field approximation where local correlations in orientation are ignored. With this approximation, the interaction averaged over all orientations of the two molecules, becomes :
Finally, we must average (10) over all orientations of the center of mass vector R. We express R in the same spherical coordinate system as before (with n the polar vector). Let 0 and 0 be the azimuthal and polar angles of R. Since the nematic state is cylindrically symmetric, all values of 0 are equally probable, and an average of (10) over this angle gives, with the help of (7) : In their treatment of the bulk phase, Maier and Saupe [11] assume that all angles 0 are equally probable, i.e. the centers of mass of the molecules are completely random, even at short range. This approximation is in the same spirit as the one that invokes the separability of f(01, 02); i.e. local, short range correlations in both position and orientation of molecules are ignored. However, note that the interaction potential (6) is a strong function of the direction of R, therefore this is only a rough approximation. With this assumption cos2 0 &#x3E; = 1/3, so that the linear term in S drops out, and (11) reduces to :
which is the well known result that the mean field is proportional to S2.
In (11) (1) for the surface tension is very difficult to use without further approximation since the density profile and pair correlation function are unknown in the surface region where the fluid is nonhomogeneous. Indeed, in an exact treatment, the density profile cannot be specified beforehand, but must be determined as part of the solution [16] .
At lov vapor pressure, the Fowler-KirkwoodBuff (FKB) approximation leads to a fairly accurate estimate of y for simple fluids [17] . We will use the same approximation in treating the nematic-vapor free surface. The FKB assumptions are that : a) the vapor density is negligible, and b) the density of the liquid phase has the bulk value up to the (Gibbs') dividing surface, which we take at z = 0. These two assumptions imply :
where Z = zl -Z2' In addition we assume that where 1(8) is given by (9) . This (13) , although it is much less obvious, and in fact, as we shall see, contradicts the boundary condition on S at the free surface which can be derived from free energy arguments. As with the density profile, the detailed form of S(z) through the surface region must be obtained self-consistently in the solution, and cannot be specified in advance. Recently, the S(z) profile has been discussed [18] , but since it depends on the unknown density profile p(z), the discussion is only qualitative. The only other case that can be treated within the FKB approximation is one where S(z) decays to the bulk value S in a characteristic distance large compared to the molecular interaction range. This case is discussed in an appendix where it is shown that the parameter S appearing in y must be taken to be the value of S at the surface, and not the bulk value of S.
With these approximations (1) 5) .
The dependence of y on an applied magnetic field has received some attention in the literature [20] . If the field is applied parallel to the free surface there should be no bulk distortions, and one can see from (25) (10) and (17) we can see that only even powers of cos # can enter y, but the resulting expression is not easy to carry out because the interaction (10) involves the squares of the tensor components Tij rather than these quantities themselves. For qualitative discussions it may be sufficient to use the simple expression :
From (24) and (25) [21] where 3 DS 2 ~ k, where k is a Frank orientation elastic constant [22] . Now with k ~ 10-6 dynes, xa N 10-' c.g.s., H ~ 104 G, and yl -Y II N 1 dyne/ cm we find that cos t/Jo 3 x 10-3, which is hardly observable. So our theory suggests that the general solutions of the elastic equations for the distortions in surface orientation produced by volume torques [21, 23] will be difficult to observe in the nematic phase. The surface orientation is then subject to strong anchoring : in problems involving orientation at the free surface, instead of minimizing the bulk plus surface free energies, one may simply minimize the bulk free energy and require that the boundary condition n-k = 0 be satisfied at the free surface.
Instead of using bulk torques, one may try to change the orientation at the free surface by using solid boundaries. Suppose we introduce a thin nematic film on top of a solid that rigidly maintains a perpendicular alignment of molecules [24] . For a thin enough layer, one may be able to tilt the alignment at the free surface. This problem was considered in ref. [21] where it was shown that the alignment at the surface satisfies :
where d is the thickness of the film and using the same estimates as before. For d &#x3E; dc we have approximately parallel alignment at the surface (tf 0 ~ x/2), but for d dc, the alignment at the free surface is forced to be perpendicular to satisfy the rigid boundary condition at the solid surface. It would be interesting to try to observe this effect, as the gap in y at the transition temperature is very sensitive to the orientation tf¡ 0' and even reverses sign (see eq. (24)) for 00 -+ 0. The surface tension itself will depend on the layer thickness d, varying from 01, I when d &#x3E;&#x3E; dc to yl when d dc.
Finally, it should be pointed out that the surface energy favors parallel orientation, but the direction of n within the surface is arbitrary. This degeneracy is inherent in the problem, since what we have chosen to call the X axis is arbitrary. The degeneracy will be removed, in practice, by small perturbing forces in the bulk, whose origin may come from other boundaries in the problem, or from an external magnetic field applied in a given direction parallel to the surface.
5. Excess surface order. - The fact that Any 0 for the preferred parallel orientation also implies that there will be excess surface order, and that S # 0 at the surface even above Tk. It has been shown elsewhere [21] that the boundary condition that S must satisfy at a plane interface is given by :
where 5(S) is the volume free energy. To get a rough estimate of the magnitude of this effect, we may use a Landau expansion for f(S) [25] : [2] .
We have assumed the dipole moment of a molecule is along the long axis. If we have permanent off axis dipole moments which make an angle a to the direction of easy polarizability then the molecules are no longer uniaxial but biaxial [26] . In this case, if the dipole-dipole interaction is the only interaction, the above arguments go through exactly as before and the surface tension is minimized when the dipole moments are parallel to the surface which means that the director makes an angle a to the surface. When there are Van der Waals forces present, these will tend to line up the director parallel to the surface, so that the actual angle tf that n makes with the surface will be less than a. The angle tf is thus determined by two competing forces and will in general be temperature dependent since the two order parameters S and e may be different functions of temperature. In MBBA the molecules are tilted at an angle r 750 from the surface which depends upon temperature [3] . The case of MBBA would be an interesting one to study in detail since we have experimental information on y at the transition [27] , the tilt angle, and the electric dipole moment [28] .
Other mechanisms that can lead to a tilt in the molecular orientation at the surface are : a) Interactions of surface molecules with impurities selectively adsorbed to the surface which tend to orient the polar heads of the molecules and thereby cause a term in y which favors perpendicular alignment. In this case, the tilt angle would vary with the concentration of the surface impurities. (1) .
We assume the FKB approximation and put (13) , (14), (15) (17) and (18) , with the parameter S representing the order at the surface. If S(z) decays to the bulk value in a distance comparable to the molecular interaction range, then the simple treatment here is not valid. A discussion of this problem has been given in ref. [18] .
